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The ability to control the properties of single-wall nanotubes SWNTs produced in the arc
discharge is important for many practical applications. Our experiments suggest that the length of
SWNTs significantly increases up to 4000 nm, along with the purity of the carbon deposit, when
the magnetic field is applied to arc discharge. Scanning electron microscopy and transmission
electron microscopy analyses have demonstrated that the carbon deposit produced in the
magnetic-field-enhanced arc mainly consists of the isolated and bunched SWNTs. A model of a
carbon nanotube interaction and growth in the thermal plasma was developed, which considers
several important effects such as anode ablation that supplies the carbon plasma in an anodic arc
discharge technique, and the momentum, charge, and energy transfer processes between nanotube
and plasma. It is shown that the nanotube charge with respect to the plasma as well as nanotube
length depend on plasma density and electric field in the interelectrode gap. For instance, nanotube
charge changes from negative to positive value with an electron density decrease. The numerical
simulations based on the Monte Carlo technique were performed, which explain an increase in the
nanotubes produced in the magnetic-field-enhanced arc discharge. © 2008 American Institute of
Physics. DOI: 10.1063/1.2919712
I. INTRODUCTION
Recently, several advanced techniques were developed
for carbon nanotube CNT synthesis such as arc discharge,
chemical vapor deposition, and laser ablation.1–4 Among
them, plasma-enhanced methods are one of the most efficient
and precise tools for the fabrication of various carbon-based
nanostructures including nanotubes.5,6 Among other plasma-
aided techniques, arc discharge is the most practical method
of CNT synthesis.7
The main feature of the arc discharge is that the CNTs
produced by the arc discharge technique have fewer struc-
tural defects than those produced by low temperature tech-
niques probably due to the fast growth that prevents defect
formation. In addition, it was shown that among several
methods of CNT production, nanotubes produced by the arc
discharge have the lowest time degradation of emission
capability8 that is very important for field emission applica-
tions.
A progress in arc discharge method of CNT synthesis
was motivated by Journet et al.,9 who showed that the single-
wall nanotubes SWNTs can be produced in large quantities
by the arc discharge. The production of high-purity multiwall
nanotubes MWNTs in the magnetically enhanced arc dis-
charge MEAD was also reported.10 It should be mentioned
that the SWNT and MWNT have quite different mechanical,
electrical, and chemical properties.11 The SWNTs usually
demonstrate high flexibility and a lower level of the struc-
tural defects, thus eventually demonstrating higher strength
characteristics.12
One important issue related to SWNT synthesis is the
ability to control SWNT properties, such as radius, chirality,
and length. It was demonstrated that the SWNT radius can be
controlled by the type of the gas in the chamber while the
gas pressure leads to a fairly constant radius although some
tendencies of radius increase with the pressure were recently
reported.13 Recently, some ideas regarding the control of the
chirality were suggested.14 There is a tremendous interest in
synthesis long SWNT, which will enable new types of
micro-/nanoelectromechanical system systems, such as mi-
croelectric motors, and can act as a nanoconducting cable.15
Recently, the growth of a 4 cm long SWNT was reported.15
In general, while arc discharge technique is considered to
offer poor flexibility, it is primarily a result of limited under-
standing of the SWNT synthesis mechanism.16
Despite the significant progress in synthesis techniques,
the nucleation and growth of CNTs in the arc discharge are
still not completely understood. In this paper, we mainly con-
centrate on the SWNT synthesis in the arc plasmas. A devel-
opment of the full picture of SWNT synthesis mechanism in
arc discharge goes beyond the frameworks of this paper, and
we will concentrate on several aspects of the SWNT synthe-
sis and peculiarities of the arc discharge technique as well as
possible SWNT-plasma interactions. In our preliminary in-
vestigation, we have demonstrated17 that the length and pu-
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rity of the arc-produced CNTs can be significantly improved
by the application of a magnetic field to the arc discharge. In
this paper, we show a detailed investigation on the magnetic-
field-enhanced synthesis of the single-wall carbon nanotubes
SWCNTs in the arc discharge and propose a model that
allows numerical simulation of the process of nanotube
growth in the discharge plasma. The experiments show that
the magnetic field ensures a significant enlargement of the
high-density plasma area; as a result, the longer SWNT of
better quality lower density of the structural defects can be
synthesized. Besides, this method ensures greater productiv-
ity higher number of nanotubes in the carbon deposit and
better purity higher concentration of nanotubes in the car-
bon deposit. The proposed model makes it possible to un-
derstand the main processes responsible for the SWNT pro-
duction in the MEAD and calculate the most important
process characteristics such as nanotube growth rate in plas-
mas of various densities.
II. EXPERIMENTAL SETUP AND PROCEDURES
The arc discharge system consists of an anode-cathode
assembly installed in a stainless steel flanged chamber
capped at both ends Fig. 1a. A linear drive connected to
the bottom of the chamber acts as the anode feed system.
Two portholes on the vertical sides of the chamber are con-
nected to a digital pressure transducer and a constant pres-
sure control system. The arc discharge is sustained with a
constant power supply, using a LABVIEW feedback program
connected to the linear drive of the anode and the power
supply generating the arc. The anode is a pure carbon rod,
while the cathode is a stainless steel rod, where the anode is
hollow and the cathode is solid. The cathode has a length and
a diameter of 1.5 and 0.5 in., respectively, while the anode
has a length of 3 in. and outer and inner diameters of 0.25
and 0.125 in., respectively. The anode hole is packed with
various metal catalysts. Previous quanta sizing and micro-
scope examinations of arc discharge products for equal arc
run time has revealed that the catalyst combination yielding
the largest amount of nanotubes was Y–Ni in a 1:4 ratio.13,18
The nanotube samples were produced at constant helium
pressures ranging from 500 to 700 Torr. The magnetic field
was applied to confine the discharge plasma. The samples
containing SWNTs were collected after 180 s run of the arc
discharge under various conditions—with and without mag-
netic field. The produced samples were examined under
scanning electron microscopy SEM and high resolution
transmission electron microscopy HRTEM. The average
ablation rate of the anode was determined by measuring the
initial and final anode geometries. From these measurements,
the dependency of the anode material consumption on the arc
current with and without magnetic field was determined.
III. RESULTS
In this section, we present experimental results related to
the study of the effect of a magnetic field on the arc dis-
charge and SWNT synthesis. Several interesting effects were
observed with the application of the magnetic field. First of
all, we should mention that the magnetic field applied to the
discharge significantly changes the mode of arcing, as de-
scribed elsewhere.19,20 The discharge becomes brighter,
while the discharge current and plasma density increase. The
magnetic field strongly confines the plasma causing brighter
discharge in the smaller zone. Here, we recall that the appli-
cation of the magnetic field to the similar discharges usually
causes a strong change in the plasma density.21,22 In our pre-
vious works, we have also demonstrated that the application
of magnetic field to the arc discharge leads to the significant
change in the cathode and anode erosion rates.17 It is natural
that the carbon deposit produced in the magnetic-field-
applied discharge is different from those produced without
the magnetic field. In Fig. 2, one can see the SEM images of
samples synthesized without a and with b magnetic field.
The purity of the sample produced in the magnetic field b is
quite remarkable especially in comparison with the sample
synthesized without magnetic field. The sample synthesized
without the magnetic field consists of a large amount of by-
products, its structure is less pronounced, and the nanotubes
are not visible; conversely, the sample produced in the mag-
netic field b demonstrated a large amount of the nanotubes
and a very low fraction of carbon by-products. These results
show that the application of an axial magnetic field signifi-
cantly improves the purity of anodic SWNT-containing de-
posits.
A detailed analysis and HRTEM images of the carbon
deposits have demonstrated that the samples produced in the
magnetic field mainly consist of isolated SWNTs and
bundles. In Fig. 3, we show TEM images of various magni-
fications that demonstrate a 6 nm bundle of several SWCNTs
FIG. 1. Color online a Setups for the MEAD, cathode diameter of 0.5 in. and anode diameter of 0.25 in.; b photograph of the setup; c scheme of the
anodic arc discharge, ablated flux, and helium supply for SWCNT synthesis.
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a, bundle and isolated SWCNT b, as well as a large
bundle where the individual nanotubes are perfectly visible
c. The detailed studies, along with the radius measure-
ments, have proved that the nanotubes produced in the
magnetic-field-assisted discharge are mostly single walled.
We recall again that just the length of the SWCNT is our
main focus; thus, we have made a measurement of the nano-
tubes collected from the deposits producing with and without
the magnetic field, and the obtained results are presented in
Fig. 4 where we show the distribution of SWCNT length. It
can be seen from this graph that the maximum of the distri-
bution of SWCNTs that are produced without the magnetic
field corresponds to 400 nm; for the SWCNTs that are pro-
duced in the magnetic field enhanced discharge, the maxi-
mum of the length distribution corresponds to 1000 nm, and
the deposit contains nanotubes with 4 µm length, with the
maximum length of 2 m found in the deposits produced
without magnetic field.
IV. MODEL OF ARC PLASMA/SWNT INTERACTION
A. Model of SWNT movement and charging
According to existing model predictions, the nanotube
formation occurs in the region of relatively small plasma
temperature 1300–1800 K Ref. 23 where carbon reacts to
form large molecules and clusters. Regarding the anode tem-
perature, some models assume the anode temperature,22
while recent work showed that the anode temperature de-
pends on the gas pressure.24 No detailed model for the rela-
tionship between the discharge parameters and SWNT for-
mation was developed, as mentioned in a recent review
paper.25 A model of SWNT interaction with discharge plasma
in the cathode region collaret was developed.26 It was
shown that the plasma-SWNT interactions depend on SWNT
charging in the arc plasma. It is known that charging in the
arc plasmas strongly depends on the SWNT residence time.27
In this section, we briefly review the model for SWNT charg-
ing and transport in the plasma that affect the SWNT resi-
dence time in the plasma region.
FIG. 2. SEM images of the carbon deposit produced: a without magnetic
field B=0 and b with magnetic field, B=0.4 T, applied to the anodic arc
discharge.
FIG. 3. a TEM image of the bundle
of SWCNTs at high magnification, b
TEM image of the bundle of CNTs
and individual nanotube in parallel to
the bundle at lower magnification, and
c SEM image of the large bundle of
SWCNTs.
FIG. 4. Distribution of nondimensional SWNT lengths/nanotube length in
deposits produced with and without magnetic field. The magnetic field is
0.4 T.
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The charge transfer from the plasma to SWNT is due to
electron and ion fluxes to SWNT seed and due to thermionic
emission from the hot SWNT,
dQSWNT
dt
= Ii − Ie + Iem, 1
where QSWNT is the SWNT charge and Ii, Ie, and Iem are ion,
electron, and thermionic currents, respectively. Densities of
the carbon species ions and atoms are determined by the
anode ablation rate. The maximum density of carbon atoms/
molecules in the interelectrode gap can be estimated from the
vapor pressure. For instance, in the case of He pressure of
about 500 Torr, the resulting anode temperature is about
3270 K and the anode erosion rate is about 3 mm3 /s.13,16
Based on these calculations, one can estimate the upper limit
of the carbon species density as nC= Pv / kT, where Pv is the
vapor pressure at the anode. The density decreases due to
plasma expansion in the radial direction and, typically, the
plasma density has its highest value along the arc discharge
centerline.28 Typically, the ionization degree is about 10−3
and the electron temperature Te is about 0.5 eV.
SWNT interaction with plasma in the interelectrode re-
gion leads to momentum transfer so that SWNT trajectories
can be calculated as follows:
MSWNT
d2rSWNT
dt2
= FD + QSWNTE , 2
where FD is the drag force, FD=dSWNTVi−VSWNT2,16  is
the plasma density, and E is the electric field in the region of
SWNT formation. Momentum transfer depends on the
plasma and neutral density in the interelectrode gap.
The calculated SWNT charge is shown in Fig. 5 as a
function of plasma density. One can see that a higher plasma
density leads to a negative charge due to the increased elec-
tron flux to SWNT from the plasma. These simulations show
that SWNT accumulates negative or positive charge depen-
dent on the electron density in the SWNT formation region.
Based on this prediction, different strategies of manipulation
of SWNT growth by electric field can be implemented, as
suggested earlier.16
B. Model of SWNT growth: Effect of electric field
Now, we attempt to explain the features of SWNT
growth in the MEADs. We recall that the application of mag-
netic field, first of all, strongly increases the plasma density
and electron temperature of the discharge. Together with the
electric field related effects, this should strongly affect the
SWNT growth.29 We have already shown in our previous
works that ion focusing in nanoscaled systems can play a
very important role.30,31 Now, we present a model that helps
describe a SWNT growth in the dense plasma.
Let us first consider in detail the SWNT-plasma interac-
tion. As any object immersed in the plasma, SWNT esquires
an electric charge dependent on plasma density, as shown in
Fig. 5 and eventually encloses by the plasma-surface sheath
which thickness can be estimated as few Debye lengths,
 = 0Te/enp, 3
where 0 is the dielectric constant, np is the plasma density,
and  is a constant in the range of 1–5.32 The plasma is
quasineutral outside the sheath, and the electrical field is
close to zero. In the sheath, there is a noncompensated elec-
tric charge which created an electric field applied to the
SWNT surface Fig. 6.
It was shown that in the process with pure helium, the
SWNT length reaches several microns;33 so in our calcula-
tions, we have assumed the maximum SWNT length of
5 m. Thus, for the typical plasma density 1017–1018 m−3
and electron temperature 1–5 eV in the arc discharge, we
can estimate the sheath thickness in the range of 15–50 m.
This estimate shows that the sheath thickness well exceeds
the SWNT length  and, hence, the shape of the sheath
envelope does not significantly depend on it.
FIG. 5. SWNT charge as a function of electron density in plasma calculated
by the model of SWCNT/plasma interaction.
FIG. 6. Color online SWNT on the metal catalyst particle in plasma. In the
practically interesting condition of large sheath , the shape of the
sheath weakly depends on the SWNT length. Electric field is applied be-
tween SWNT/C and plasma bulk border. Carbon ion flux is mainly depos-
ited on SWNT tip and on catalyst particle.
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In the vicinity of SWNT, the ion motion is determined
by the electrical field between the SWNT surface and plasma
bulk boundary. The electric field is described by the Poisson
equation for the electric potential 	=e /0, where e is the
density of electrical charge on the sheath. As a boundary
condition for the Poisson equation, we assumed the equipo-
tentiality of the entire SWNT surface thus, we assumed that
the SWNT is well conductive: 	x ,r ,
x,R,
=SWNT,
where SWNT is the electric potential of the SWNT/catalyst
system and R is the SWNT radius. With the electric field in
the sheath calculated, the ion trajectories can be obtained by
integrating the motion equation. More details on the electric
field and ion motion calculations on nanostructures can be
found elsewhere.34,35
In this work, we have implemented the following sce-
nario of the SWNT growth in plasma. We assume that the
SWNT grows on the partially molten metal catalyst particle
supplied to the plasma from the ablated electrode below, we
will term the SWNT growing on the catalyst particle as the
SWNT/C system. In the plasma, the metal catalyst particle
is subject to additional heating and ablation, which reduce
the catalyst size, and then condition and molten the external
layer creating an external liquid shell. The carbon atom flux
gets to the catalyst surface, diffuses through it, and eventu-
ally incorporates into the SWNT structure. The ion flux at the
sheath border-SWNT/C surface supplies carbon atoms to the
SWNT/C system. Upon recombination, carbon adatoms mi-
grate about the SWNT/C surface and eventually reach the
molten catalyst shell or re-evaporate to the plasma bulk the
main processes are schematically shown in Fig. 7. Today,
the two main growth scenarios are mostly accepted: the
vapor-liquid-solid36,37 and solid-liquid-solid.38 Despite the
different initial stages, both scenarios involve the carbon
atom diffusion in the molten metal of the catalyst particle
and, thus, the process of the carbon supply to the external
catalyst surface is a decisive factor that determines the
SWNT growth kinetics. To calculate the carbon supply to the
catalyst surface, we implemented a diffusion model that was
used for the simulation of the diffusion-driven growth of
carbon nanostructures on surface.30,31,35
The above described model was used to simulate the
SWNT growth on a metal catalyst particle in plasma. For the
ion motion calculations, we used a Monte Carlo MC tech-
nique to obtain the ion flux distribution over the SWNT-
catalyst surface.34 The adatom migration in the collisionless
approximation about SWNT surface was simulated also by
the MC method, and the carbon atom diffusion in the molten
catalyst was calculated by the diffusion equation.39 The de-
tailed description of the numerical method and boundary
conditions can be found elsewhere.35
The calculated distributions of the ion flux on the
SWNT/C system surface with the plasma density and SWNT
lengths as parameters are shown in Fig. 8. It can be seen
from the graphs that the plasma density strongly affects the
distributions. In the plasma of lower density 11017 m−3,
the ion flux is distributed nearly uniformly over the entire
SWNT/C surface, with a slight increase at the SWNT tip and
catalyst particle. For the plasma density of 11018 m−3, the
distribution becomes strongly nonuniform, with the density
of ion flux strongly reduced at the middle part of the SWNT.
The further increase in the plasma density of up to 3
1018 m−3 does not change the distribution but makes it yet
more nonuniform, with the density at the middle part of
SWNT tending to zero. The distributions are similar for both
SWNT lengths but the longer SWNT exhibits stronger non-
uniformity Figs. 8a and 8b.
Obtained ion flux distributions were used for the simu-
lation of the SWNT growth kinetics. First, we have calcu-
lated the ratio of carbon flux through the catalyst incorpo-
rated into the SWNT structure to the total flux of carbon
atoms ,
 =
C
i + a
, 4
where C is the total flux of carbon atoms through the cata-
lyst, i is the total flux of carbon ions deposited on the
surface of SWNT/C system, and a is the total flux of car-
bon atoms deposited on the surface of SWNT/C system. We
FIG. 7. Color online Growth of SWNT on the molten metal catalyst par-
ticle in plasma. Carbon flux from plasma is nonuniformly distributed about
SWNT and catalyst particle surface. Carbon adatoms diffuse to the catalyst
end and then incorporate into the SWNT structure through the molten cata-
lyst shell. The SWNT diameter is determined by the size of the molten
catalyst core.
FIG. 8. Color online Distribution of carbon ion flux on SWNT/C surfaces
with plasma density and SWNT length as parameters. The SWNT lengths
are a 2 m and b 1 m, the diameter is 2 nm, and the catalyst particle
diameter is 10 nm.
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did not assume carbon re-evaporation from the molten cata-
lyst shell, thus assuming that the carbon atoms that get to the
catalyst dissolve in the molten metal and migrate to the
SWNT through it. The results of calculations are presented in
Fig. 9 as a function of plasma density, with the SWNT length
as a parameter. The ratio  increases with the plasma density,
reaching 0.5 for a SWNT length of 2 m and 0.8 for a
SWNT length of 0.5 m, for the plasma density of 5
1018 m−3.
Then, we used the obtained flux ratio  in calculating
the SWNT growth rates  m s−1. The results of the cal-
culations are shown in Fig. 10, with the plasma density as a
parameter. We should point out that the SWNT growth rate
decreases with the SWNT length and increases with the pres-
sure.
V. DISCUSSION
In this section, we will try to interpret the obtained re-
sults. The experimental results show that the purity and
length of the SWNT significantly increase with the applica-
tion of the magnetic field. Our previous studies suggest that
the application of an axial magnetic field leads to the in-
crease in the relative density of the plasma and also electron
temperature.40 Given that the purity of the SWNTs increases
with application of a magnetic field, this means that some
particular ratio between ion and neutral density may be op-
timal for the SWNT growth. Also, this fact demonstrates an
importance of the high-energetic ions versus neutral species
in the process of the nanotube synthesis in the discharge.
This suggests that MEAD, which provides wide possibilities
for controlling the discharge parameters, might be the more
efficient system for SWNT synthesis.
To understand an experimental fact of the nanotube
length increase in the MEAD, we should match and analyze
the experimental and simulative results. Let us consider first
the short SWNT. At low plasma density, the sheath around
SWNT is very large, and the ion flux is distributed near
uniformly on the surface. The catalyst particle adsorbs some
fraction of the total ion flux deposited on the SWNT 0.6 for
11017 m−3, Fig. 9, and the rest atoms are lost due to the
re-evaporation from the SWNT surface. The evaporation
losses are low in this case since the SWNT is short, and the
time of adatom migration is too short for intensive evapora-
tion. At higher plasma densities up to 51018 m−3, the
sheath around SWNT is narrow, and ion focusing becomes
much stronger Fig. 8a. The number of ions directly de-
posited on the catalyst surface increases and the number of
adatoms that should pass a SWNT length decreases. As a
result, the re-evaporation loss decreases, and the ratio  in-
creases and approaches 0.8 for the short SWNT we are con-
sidering.
This scenario is supported by the quantitative data ob-
tained by calculations. Indeed, in the plasma of very low
density 1016 m−3, the ions are uniformly distributed about
the SWNT surface, and the rate of losses is about 50% Fig.
9, curve for SWNT length of 0.5 m; thus, a half of all of
the adatoms that migrate about the SWNT are lost. In the
second ultimate case of the dense 51018 m−3 plasma, ion
focusing is very strong and we can assume that the ion flux is
deposited only on the SWNT’s tip and on the catalyst par-
ticle Fig. 8, curve for np=31018 m−3. Thus, at present,
50% of the ions that deposited on the SWNT tip i.e., 25% of
the total flux will be lost and 25% should reach the catalyst
surface by surface migration. Hence, the total ratio of flux
through the catalyst  should approach 75%, which is in a
good agreement with the graph 0.78, Fig. 9, upper curve.
For other SWNT lengths, the same tendency is observed,
with larger rate of loss to evaporation for longer SWNTs
Fig. 9, curves for 1 and 2 m. It can be noted that  ratio
for long 2 m SWNT approaches 0.5; this evidences that
on the long SWNT, almost all adatoms migrating about the
long SWNT are lost by re-evaporation, and only 50% of the
ions focused on the catalyst participate in the SWNT growth.
Indeed, in the conditions of strong ion focusing, the ratio 
cannot be less than 0.5 in the dense plasma environment,
where the entire ion flux is distributed to the SWNT tip and
catalyst particle.
FIG. 10. Dependence of SWNT growth rate  on the nondimensional nano-
tube length/nanotube length with plasma density as a parameter. The SWNT
diameter is 2 nm and the catalyst particle diameter is 10 nm. The graph
shows a strong decrease in the SWNT growth rate with the SWNT length.
FIG. 9. Dependence of ratio of the carbon flux through catalyst to the total
flux of carbon ions deposited on the SWNT surface on plasma density, with
the SWNT length as a parameter. The SWNT diameter is 2 nm and the
catalyst particle diameter is 10 nm. No evaporation from surface of molten
catalyst shell.
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Let us now discuss the dependence of SWNT growth
rate  on the SWNT length Fig. 10. First, we should point
out that the growth rate  of a SWNT in the constant influx
conditions constant carbon flux through catalyst to SWNT
does not depend on the SWNT length since the thickness of
the SWNT does not depend on its length single-atom wall.
Thus, the growth rate only depends on the total influx of the
carbon atoms to the surface of catalyst particle, which in turn
depends on the total carbon influx to the SWNT/catalyst sys-
tem and on the influx distribution over the SWNT/catalyst.
We also recall here that in the case considered SWNT length
, the sheath shape and the size weakly depend on the
SWNT length. Thus, the total flux to the SWNT/catalyst is
proportional to the area of sheath surface around the SWNT/
catalyst system and also proportional to the plasma density
np; thus, taking into account the sheath size dependence 
=0Te /enp, we conclude that the total flux to the SWNT/C
in the first approximation does not depend on the plasma
density and could be estimated as
 = 2
0Te
e
B, 5
where B is the Bohm velocity.
24 When a SWNT is short, its
growth rate is determined by the total carbon influx to the
SWNT/catalyst and the adatom migration kinetics; it was
already mentioned that the carbon flux to the catalyst shell
decreases with increasing SWNT length, as seen in Fig. 9. In
the case of a short SWNT, an essential part of the carbon
atoms from 80% for higher plasma density to 50% for lower
density gets into the catalyst shell and participates in the
SWNT growth. With increasing SWNT length, the carbon
flux to catalyst decreases due to increased carbon loss by
evaporation, thus causing the decrease in the SWNT growth
rate.
We should also mention that the proposed catalyst core/
shell scenario can explain a weak increase of the SWNT
diameter with gas pressure.13 An increase in the gas pressure
causes an increase in the plasma density; this in turn causes a
slight decrease of the electron temperature in plasma. As a
result, the catalyst heat exchange conditions change, and a
larger solid core thinner shell forms; the diameter of
SWNT formed on it increases.
VI. CONCLUSIONS
The obtained results suggest that the magnetic field has a
profound effect on the arc discharge and growth of the
SWNTs. In particular, the SWNT purity and length signifi-
cantly increase with the magnetic field. The model of SWNT
interaction and growth in the arc discharge plasma was de-
veloped and successfully used for analyzing the obtained ex-
perimental results. Several effects such as momentum,
charge, and energy transfer between SWNT and plasma were
considered. The SWNT growth model in the arc plasma
based on MC technique also suggests that a magnetic field
may lead to longer nanotubes. In general, trends predicted by
the model are in good agreement with our experimental ob-
servations.
It should be pointed out that previous model suggested
various scenarios for SWNT growth termination in arc dis-
charge. These scenarios tie to the mechanism of the carbon
species precipitation and chemistry involved in SWNT syn-
thesis. In addition to that, in the dynamic system such as arc
discharge, SWNT growth is the function of the SWNT seed
motion along the discharge plasma. Therefore, increase of
the SWNT residence time and increase of the carbon precipi-
tation due to the increase of the plasma density may be con-
sidered as an efficient way to control SWNT growth.
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